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(57) ABSTRACT

The DC-DC converter includes a mask controlling circuit that
outputs an overcurrent detection mask signal that prescribes a
mask period in which the overcurrent detection result signal is
masked. The DC-DC converter includes a mask adjusting
circuit that adjusts a length of the mask period according to
the power supply voltage. The DC-DC converter includes an
operation circuit that performs an operation of the overcurrent
detection result signal and the overcurrent detection mask
signal and outputs an overcurrent controlling signal with the
overcurrent detection result signal being masked in the mask
period.

20 Claims, 4 Drawing Sheets
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1
DC-DC CONVERTER AND
SEMICONDUCTOR INTEGRATED CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority from the prior Japanese Patent Application No. 2013-
189726, filed on Sep. 12, 2013, the entire contents of which
are incorporated herein by reference.

BACKGROUND

1. Field

Embodiments described herein relate generally to a DC-
DC converter and a semiconductor integrated circuit.

2. Background Art

A conventional DC-DC converter provides a mask that
temporarily invalidates overcurrent detection in order to pre-
vent erroneous determination of the presence of an overcur-
rent because of operation noise of a peripheral circuit or
erroneous detection of a current flowing through a switch
element that occurs when a switching operation occurs.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram showing an example of a con-
figuration of a DC-DC converter 1000 according to the first
embodiment;

FIG. 2 is a waveform diagram showing examples of signals
that occur in operation of the DC-DC converter 1000;

FIG. 3 is a circuit diagram showing an example of a con-
figuration of a DC-DC converter 2000 according to the sec-
ond embodiment; and

FIG. 4 is a circuit diagram showing an example of a con-
figuration of a DC-DC converter 3000 according to the third
embodiment.

DETAILED DESCRIPTION

A DC-DC converter according to an embodiment that out-
puts, at an output terminal, an output voltage obtained by
stepping down or boosting a power supply voltage. The DC-
DC converter includes a switch element that controls supply
of a current to the output terminal. The DC-DC converter
includes an overcurrent detecting circuit that compares a
detected voltage responsive to a current flowing through the
switch element and a reference voltage and outputs an over-
current detection result signal responsive to a result of the
comparison. The DC-DC converter includes a mask control-
ling circuit that outputs an overcurrent detection mask signal
that prescribes a mask period in which the overcurrent detec-
tion result signal is masked. The DC-DC converter includes a
mask adjusting circuit that adjusts a length of the mask period
according to the power supply voltage. The DC-DC converter
includes an operation circuit that performs an operation of the
overcurrent detection result signal and the overcurrent detec-
tion mask signal and outputs an overcurrent controlling signal
with the overcurrent detection result signal being masked in
the mask period. The DC-DC converter includes an output
controlling circuit that performs PWM control on the switch
element in such a manner that a feedback signal that is based
on the output voltage comes closer to a target value, and
forcedly turns off the switch element based on the overcurrent
controlling signal.

In the following, embodiments will be described with ref-
erence to the drawings. In the embodiments, DC-DC convert-
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2

ers that step down or boost a power supply voltage and output
the resulting output voltage at an output terminal will be
described.

First Embodiment

In a first embodiment, an example of a configuration of a
step-down DC-DC converter will be described. FIG. 1 is a
circuit diagram showing an example of a configuration of a
DC-DC converter 1000 according to the first embodiment.

As shown in FIG. 1, the DC-DC converter 1000 includes an
output terminal “TOUT”, a voltage dividing circuit “RC”; a
coil “L.”, a capacitor “C”, a diode “D” and a semiconductor
integrated circuit 100, for example. The semiconductor inte-
grated circuit 100 includes an input terminal “TIN™, a control
terminal “TX”, a feedback terminal “TFB”, a switch element
(in this embodiment, an n-channel MOS transistor, for
example) “SW”, an overcurrent detecting circuit (in this
embodiment, a comparator, for example) “X”, a mask con-
trolling circuit “MC”, a mask adjusting circuit “MA”, an
operation circuit “Y”, an output controlling circuit “OC”, a
reference voltage generating circuit “VGC”, a first converting
circuit “VIC” and a second converting circuit “IVC”.

The DC-DC converter 1000 outputs an output voltage
“VOUT” obtained by stepping down a power supply voltage
“VIN” at the output terminal “TOUT”.

As shown in FIG. 1, the coil “L” is connected between the
output terminal “TOUT” and the control terminal “TX”.

The capacitor “C” is connected between the output termi-
nal “TOUT” and a ground.

The diode “D” is connected to the control terminal “TX” at
a cathode thereof and to the ground at an anode thereof.

The voltage dividing circuit “RC” is connected between
the output terminal “TOUT” and the ground and outputs a
voltage obtained by dividing the output voltage “VOUT” as a
feedback signal “FB”.

As shown in FIG. 1, the voltage dividing circuit “RC”
includes voltage dividing resistors “R1”* and “R2” connected
in series with each other between the output terminal
“TOUT” and the ground.

The input terminal “TIN” is connected to one end of a
current path of the switch element “SW”, and the power
supply voltage “VIN™ is supplied to the input terminal “TIN™.

The control terminal “TX” is connected to another end of
the current path of the switch element “SW”.

The feedback signal “FB” is supplied to the feedback ter-
minal “TFB”.

The switch element “SW” is connected to the input termi-
nal “TIN” at one end (drain) thereof and to the control termi-
nal “TX” at another end (source) thereof. The switch element
“SW” receives a gate signal “VG” from the output controlling
circuit “OC” at a control terminal (gate) thereof and is PWM-
controlled. The switch element “SW” controls supply of a
current to the output terminal “TOUT”.

The first converting circuit “VIC” detects a potential dif-
ference “VDS” between the one end (drain) and the another
end (source) of the switch element “SW?, converts the poten-
tial difference “VDS” into a detected current and outputs the
detected current.

The potential difference “VDS” between the one end
(drain) and the another end (source) of the switch element
“SW” increases as the current flowing through the switch
element “SW” increases, and decreases as the current flowing
through the switch element “SW” decreases. That is, the
potential difference “VDS” is correlated with the current
flowing through the switch element “SW”. Therefore, an
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overcurrent flowing through the switch element “SW” can be
detected by the potential difference “VDS”.

The second converting circuit “IVC” converts the detected
current output from the first converting circuit “VIC”
described above into a detected voltage “Va” and outputs the
detected voltage “Va”.

The reference voltage generating circuit “VGC” generates
a reference voltage “Vref”.

The overcurrent detecting circuit “X” compares the
detected voltage “Va” and the reference voltage “Vref” and
outputs an overcurrent detection result signal “CS” respon-
sive to a result of the comparison.

For example, in a case where the detected voltage “Va” is
lower than the reference voltage “Vref”, the overcurrent
detecting circuit “X” outputs the overcurrent detection result
signal “CS” that prescribes that the detected voltage “Va” is
lower than the reference voltage “Vref” (that is, no overcur-
rent flows through the switch element “SW”).

In other words, in a case where the potential difference
“VDS” between the one end (drain) and the another end
(source) of the switch element “SW? is lower than a overcur-
rent determination threshold “th2”, the overcurrent detecting
circuit “X” outputs the overcurrent detection result signal
“CS” that prescribes that no overcurrent flows through the
switch element “SW”.

On the other hand, in a case where the detected voltage
“Va” is equal to or higher than the reference voltage “Vref”,
the overcurrent detecting circuit “X” outputs the overcurrent
detection result signal “CS” that prescribes that the detected
voltage “Va” is equal to or higher than the reference voltage
“Vref” (that is, a overcurrent flows through the switch ele-
ment “SW?”).

In other words, in a case where the potential difference
“VDS” between the one end (drain) and the another end
(source) of the switch element “SW” is equal to or higher than
the overcurrent determination threshold “th2”, the overcur-
rent detecting circuit “X” outputs the overcurrent detection
result signal “CS” that prescribes that an overcurrent flows
through the switch element “SW”.

The mask controlling circuit “MC” outputs an overcurrent
detection mask signal “MS” that prescribes a mask period in
which the comparison result prescribed by the overcurrent
detection result signal is masked.

For example, the mask adjusting circuit “MA” adjusts the
mask period to a first mask period in a case where the power
supply voltage “VIN” is equal to or higher than a switching
threshold “th1”.

On the other hand, the mask adjusting circuit “MA” adjusts
the mask period to a second mask period, which is longer than
the first mask period, in a case where the power supply volt-
age “VIN” is lower than the switching threshold “th1”.

The operation circuit “Y” performs an operation of the
overcurrent detection result signal “CS” and the overcurrent
detection mask signal “MS” and outputs an overcurrent con-
trolling signal “SD” with the comparison result prescribed by
the overcurrent detection result signal “CS” being masked
(invalidated) in the mask period.

The operation circuit “Y” is a NOR circuit that receives the
overcurrent detection result signal “CS” and the overcurrent
detection mask signal “MS” and outputs the overcurrent con-
trolling signal “SD”, for example.

The output controlling circuit “OC” performs PWM con-
trol on the switch element “SW” in such a manner that the
feedback signal “FB” based on the output voltage “VOUT”
comes closer to a target value. As a result, the output voltage
“VOUT” of the DC-DC converter 1000 is maintained at the
target value.
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Furthermore, the output controlling circuit “OC” forcedly
turns off the switch element “SW” based on the overcurrent
controlling signal “SD”. As a result, the overcurrent is cut off.

In particular, in a period except for the mask period
described above, if the overcurrent controlling signal “SD”
prescribes the comparison result that the detected voltage
“Va” is equal to or higher than the reference voltage “Vref”,
the output controlling circuit “OC” forcedly turns off the
switch element “SW?”.

The mask period starts when the switch element “SW” is
turned on, for example.

The mask period is set to be shorter than a period in which
the switch element is continuously in an on state, for example.

Next, an example of an operation of the DC-DC converter
1000 configured as described above will be described. FIG. 2
is a waveform diagram showing examples of signals that
occur in operation of the DC-DC converter 1000.

As shown in FIG. 2, for example, in a period from a time
“t1” to a time “t3”, when the gate signal “VG” is set at a
“High” level under the PWM control, the switch element
“SW” is turned on. This involves switching noise superposed
on the potential difference “VDS” of the switch element
“SW”. The power supply voltage “VIN” is high (30 V) (be-
fore a time “tx”), and therefore, an on-duty of the switch
element “SW” is set low (the period from the time “t1” to the
time “t3” is 62.5 ns, for example).

Since the power supply voltage “VIN” (30 V) is equal to or
higher than the switching threshold “th1” (before the time
“tx”), the mask adjusting circuit “MA” adjusts the mask
period to a first mask period “M1” (40 ns, for example).

Therefore, the mask controlling circuit “MC” outputs the
overcurrent detection mask signal “MS” (at the “High” level)
that prescribes the first mask period “M1” (from the time “t1”
to the time “t2”) in which the overcurrent detection result
signal “CS” is masked.

In the period from the time “t1” to the time “t2”’, when the
potential difference “VDS” becomes equal to or higher than
the overcurrent determination threshold “th2”, the overcur-
rent detecting circuit “X” outputs the overcurrent detection
result signal “CS” (at the “High” level) that prescribes that an
overcurrent flows through the switch element “SW”.

The overcurrent detection result signal “CS” at the “High”
level occurs in the first mask period “M1”. Therefore, the
operation circuit “Y” performs an operation of the overcur-
rent detection result signal “CS” and the overcurrent detec-
tion mask signal “MS” and outputs the overcurrent control-
ling signal “SD” (at a “Low” level) with the overcurrent
detection result signal “CS” being masked (invalidated) in the
first mask period “M1” (from the time “t1” to the time “12”).

In this way, erroneous detections of an overcurrent due to
the switching noise caused by turning on of the switch ele-
ment “SW” can be reduced.

In a period from a time “t4” to a time “t6”, when the gate
signal “V(G”is set atthe “High” level under the PWM control,
the switch element “SW” is turned on. This involves switch-
ing noise superposed on the potential difference “VDS” ofthe
switch element “SW”. The power supply voltage “VIN™ is
low (7 V) (after the time “tx™), and therefore, the on-duty of
the switch element “SW” is set high (the period from the time
“t4” to the time “t6” is 290 ns, for example).

Since the power supply voltage “VIN” (7 V) is lower than
the switching threshold “th1” (after the time “tx”), the mask
adjusting circuit “MA” adjusts the mask period to a second
mask period (100 ns, for example), which is longer than the
first mask period “M1”.

Therefore, the mask controlling circuit “MC” outputs the
overcurrent detection mask signal “MS” (at the “High” level)
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that prescribes the second mask period “M2” (from the time
“t4” to a time “t5”) in which the overcurrent detection result
signal “CS” is masked.

In the period from the time “t4” to the time “t5”, when the
potential difference “VDS” becomes equal to or higher than
the overcurrent determination threshold “th2”, the overcur-
rent detecting circuit “X” outputs the overcurrent detection
result signal “CS” (at the “High” level) that prescribes that an
overcurrent flows through the switch element “SW”.

The overcurrent detection result signal “CS” at the “High”
level occurs in the second mask period “M2”. Therefore, the
operation circuit “Y” performs an operation of the overcur-
rent detection result signal “CS” and the overcurrent detec-
tion mask signal “MS” and outputs the overcurrent control-
ling signal “SD” (at the “Low” level) with the overcurrent
detection result signal “CS” being masked (invalidated) in the
second mask period “M2” (from the time “t4” to the time
“t57).

In this way, erroneous detections of an overcurrent due to
the switching noise caused by turning on of the switch ele-
ment “SW” can be reduced.

As described above, since the length of the mask period is
controlled to change depending on the power supply voltage
“VIN”, an overcurrent can be detected with the optimum
mask period for the use condition.

In particular, when the power supply voltage “VIN” is low,
the step-down ratio is low, so that the on-time of the switch
element “SW” is long. In this case, a sufficient overcurrent
detection period can be assured even if the mask period is set
long. Therefore, under a condition that the power supply
voltage “VIN” is low, the mask period can be set long, thereby
increasing the speed of the DC-DC converter and reducing
erroneous detections of an overcurrent.

As described above, the DC-DC converter according to the
first embodiment can reduce erroneous detections of an over-
current.

Second Embodiment

In the first embodiment described above, an example of the
configuration of a step-down DC-DC converter has been
described.

In the first embodiment, the potential difference “VDS”
between the one end (drain) and the another end (source) of
the switch element “SW” correlated with the current flowing
through the switch element “SW” is detected. However, the
voltage at the one end (drain) of the switch element “SW” is
also correlated with the current flowing through the switch
element “SW”.

In view of this, in a second embodiment, an example of a
configuration of a step-down DC-DC converter that uses the
voltage at the one end (drain) of the current path of the switch
element “SW as the detected voltage “Va” will be described.

FIG. 3 is a circuit diagram showing an example of a con-
figuration of a DC-DC converter 2000 according to the sec-
ond embodiment. In FIG. 3, the same reference numerals as
those shown in FIG. 1 denote the same components as those
in the first embodiment, and descriptions thereof will be
omitted.

As shown in FIG. 3, the DC-DC converter 2000 includes
the output terminal “TOUT”, the voltage dividing circuit
“RC”, the coil “L”, the capacitor “C”, the diode “D” and a
semiconductor integrated circuit 200, for example. The semi-
conductor integrated circuit 200 includes the input terminal
“TIN™, the control terminal “TX”, the feedback terminal
“TFB”, the switch element (in this embodiment, an n-channel
MOS transistor, for example) “SW”, the overcurrent detect-
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ing circuit (in this embodiment, a comparator, for example)
“X”, the mask controlling circuit “MC”, the mask adjusting
circuit “MA”, the operation circuit “Y”, the output control-
ling circuit “OC” and the reference voltage generating circuit
“VGC”.

That is, the DC-DC converter 2000 (semiconductor inte-
grated circuit 200) differs from the DC-DC converter 1000
(semiconductor integrated circuit 100) in that the first con-
verting circuit “VIC” and the second converting circuit
“IVC” are omitted.

As described above, the voltage at the one end (drain) of the
switch element “SW” is also correlated with the current flow-
ing through the switch element “SW”.

In view of this, the overcurrent detecting circuit compares
the detected voltage “Va” responsive to the current flowing
through the switch element “SW” (voltage at the one end
(drain) of the switch element “SW”’) and the reference voltage
“Vref”, and outputs the overcurrent detection result signal
“CS” responsive to a result of the detection.

That is, as described above, in the second embodiment, the
voltage at the one end (drain) of the switch element “SW” is
used as the detected voltage “Va”.

The remainder of the configuration of the DC-DC con-
verter 2000 is the same as that of the DC-DC converter 1000
according to the first embodiment.

The operation of the DC-DC converter 2000 is also the
same as the operation of the DC-DC converter 1000 accord-
ing to the first embodiment.

That is, as with the DC-DC converter according to the first
embodiment, the DC-DC converter according to the second
embodiment can reduce erroneous detections of an overcur-
rent.

Third Embodiment

In the first and second embodiments described above,
examples of configurations of step-down DC-DC converters
have been described. In a third embodiment, an example of a
configuration of a boost DC-DC converter will be described.

FIG. 4 is a circuit diagram showing an example of a con-
figuration of a DC-DC converter 3000 according to the third
embodiment. In FIG. 4, the same reference numerals as those
shown in FIG. 1 denote the same components as those in the
first embodiment, and descriptions thereof will be omitted.

As shown in FIG. 4, the DC-DC converter 3000 includes
the output terminal “TOUT”, the voltage dividing circuit
“RC”, the coil “L”, the capacitor “C”, the diode “D” and a
semiconductor integrated circuit 300, for example. The semi-
conductor integrated circuit 300 includes the input terminal
“TIN”, the feedback terminal “TFB”, the switch element (in
this embodiment, a MOS transistor, for example) “SW”, the
overcurrent detecting circuit (in this embodiment, a compara-
tor, for example) “X”, the mask controlling circuit “MC”, the
mask adjusting circuit “MA”, the operation circuit “Y”, the
output controlling circuit “OC”, the reference voltage gener-
ating circuit “VGC”, the first converting circuit “VIC” and the
second converting circuit “IVC”.

As shown in FIG. 4, the coil “L” receives the power supply
voltage “VIN” at one end thereof.

The diode “D” is connected to another end of the coil “L”
at an anode thereof and to the output terminal “TOUT” at a
cathode thereof.

The capacitor “C” is connected between the output termi-
nal “TOUT” and the ground.

The another end of the coil “L” is connected to the input
terminal “TIN”, and the switch element “SW” is connected
between the input terminal “TIN” and the ground.
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The feedback terminal “TFB” receives the feedback signal
“FB”.

The voltage dividing circuit “RC” is connected between
the output terminal “TOUT” and the ground and outputs a
voltage obtained by dividing the output voltage “VOUT” as
the feedback signal “FB”.

As described above, the DC-DC converter 3000 has a con-
figuration of a boost DC-DC converter.

As in the first embodiment described above, the output
controlling circuit “OC” performs PWM control on the
switch element “SW” in such a manner that the feedback
signal “FB” based on the output voltage “VOUT” comes
closer to the target value. As a result, the output voltage
“VOUT” of the DC-DC converter 3000 is maintained at the
target value.

In this way, the DC-DC converter 3000 outputs the output
voltage “VOUT” obtained by boosting the power supply volt-
age “VIN” at the output terminal “TOUT”.

Furthermore, as in the first embodiment, the output con-
trolling circuit “OC” forcedly turns off the switch element
“SW” based on the overcurrent controlling signal “SD”. As a
result, the overcurrent is cut off.

In particular, in a period except for the mask period
described above, if the overcurrent controlling signal “SD”
prescribes the comparison result that the detected voltage
“Va” is equal to or higher than the reference voltage “Vref”,
the output controlling circuit “OC” forcedly turns off the
switch element “SW”.

The remainder of the configuration of the DC-DC con-
verter 3000 is the same as that of the DC-DC converter 1000
according to the first embodiment.

The remainder of the operation and functionality of the
DC-DC converter 3000 is also the same as the operation and
functionality of the DC-DC converter 1000 according to the
first embodiment.

The DC-DC converter 3000 can achieve the same effects
even if the semiconductor integrated circuit 300 is replaced
with the semiconductor integrated circuit 200 according to
the second embodiment described above.

That is, the DC-DC converter according to the third
embodiment can reduce erroneous detections of an overcur-
rent.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel methods and systems described herein may
be embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the meth-
ods and systems described herein may be made without
departing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. A DC-DC converter that outputs, at an output terminal,
an output voltage obtained by stepping down or boosting a
power supply voltage, comprising:

a switch element that controls supply of a current to the

output terminal;

an overcurrent detecting circuit that compares a detected

voltage responsive to a current flowing through the
switch element and a reference voltage and outputs an
overcurrent detection result signal responsive to a result
of the comparison;

a mask controlling circuit that outputs an overcurrent

detection mask signal that prescribes a mask period in
which the overcurrent detection result signal is masked;
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a mask adjusting circuit that adjusts a length of the mask
period according to the power supply voltage;

an operation circuit that performs an operation of the over-
current detection result signal and the overcurrent detec-
tion mask signal and outputs an overcurrent controlling
signal with the overcurrent detection result signal being
masked in the mask period; and

an output controlling circuit that performs PWM control on
the switch element in such a manner that a feedback
signal that is based on the output voltage comes closer to
a target value, and forcedly turns off the switch element
based on the overcurrent controlling signal.

2. The DC-DC converter according to claim 1, wherein the
mask adjusting circuit adjusts the mask period to a first mask
period in a case where the power supply voltage is equal to or
higher than a switching threshold, and adjusts the mask
period to a second mask period, which is longer than the first
mask period, in a case where the power supply voltage is
lower than the switching threshold.

3. The DC-DC converter according to claim 1, wherein the
output controlling circuit;

forcedly turns off the switch element in a case where the
detected voltage is equal to or higher than the reference
voltage in a period except for the mask period.

4. The DC-DC converter according to claim 2, wherein the

output controlling circuit;

forcedly turns off the switch element in a case where the
detected voltage is equal to or higher than the reference
voltage in a period except for the first mask period in the
case where the power supply voltage is equal to or higher
than the switching threshold, and

forcedly turns off the switch element in a case where the
detected voltage is equal to or higher than the reference
voltage in a period except for the second mask period in
the case where the power supply voltage is lower than
the switching threshold.

5. The DC-DC converter according to claim 1, wherein the

mask period starts when the switch element is turned on.

6. The DC-DC converter according to claim 5, wherein the
mask period is shorter than a period in which the switch
element is continuously in an on state.

7. The DC-DC converter according to claim 1, further
comprising:

a first converting circuit that detects a potential difference
between a first end and a second end of a current path of
the switch element, converts the potential difference into
a detected current, and outputs the detected current; and

a second converting circuit that converts the detected cur-
rent into the detected voltage and outputs the detected
voltage.

8. The DC-DC converter according to claim 1, further

comprising:

an input terminal to which a first end of a current path ofthe
switch element is connected and the power supply volt-
age is supplied;

a control terminal to which a second end of the current path
of the switch element is connected;

a feedback terminal to which the feedback signal is sup-
plied;

a coil connected between the output terminal and the con-
trol terminal;

a capacitor connected between the output terminal and a
ground;

a diode connected to the control terminal at a cathode
thereof and to the ground thereof at an anode thereof;
and
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a voltage dividing circuit that is connected between the
output terminal and the ground and outputs a voltage
obtained by dividing the output terminal as the feedback
signal,

wherein the output voltage obtained by stepping down the
power supply voltage is output at the output terminal.

9. The DC-DC converter according to claim 1, further
comprising:

a coil that receives the power supply terminal at a first end

thereof;

a diode connected to a second end of the coil at an anode
thereof and to the output terminal at a cathode thereof;

a capacitor connected between the output terminal and a
ground;

an input terminal to which the second end of the coil is
connected, the switch element being connected between
the input terminal and the ground;

a feedback terminal to which the feedback signal is sup-
plied; and

a voltage dividing circuit that is connected between the
output terminal and the ground and outputs a voltage
obtained by dividing the output terminal as the feedback
signal,

wherein the output voltage obtained by boosting the power
supply voltage is output at the output terminal.

10. The DC-DC converter according to claim 1, wherein
the operation circuit is a NOR circuit that receives the over-
current detection result signal and the overcurrent detection
mask signal and outputs the overcurrent controlling signal.

11. A semiconductor integrated circuit that is incorporated
in a DC-DC converter that outputs, at an output terminal, an
output voltage obtained by stepping down or boosting a
power supply voltage, comprising:

a switch element that controls supply of a current to the

output terminal;

an overcurrent detecting circuit that compares a detected
voltage responsive to a current flowing through the
switch element and a reference voltage and outputs an
overcurrent detection result signal responsive to a result
of the comparison;

a mask controlling circuit that outputs an overcurrent
detection mask signal that prescribes a mask period in
which the overcurrent detection result signal is masked;

a mask adjusting circuit that adjusts a length of the mask
period according to the power supply voltage;

an operation circuit that performs an operation of the over-
current detection result signal and the overcurrent detec-
tion mask signal and outputs an overcurrent controlling
signal with the overcurrent detection result signal being
masked in the mask period; and

an output controlling circuit that performs PWM control on
the switch element in such a manner that a feedback
signal that is based on the output voltage comes closer to
a target value, and forcedly turns off the switch element
based on the overcurrent controlling signal.

12. The semiconductor integrated circuit according to
claim 11, wherein the mask adjusting circuit adjusts the mask
period to a first mask period in a case where the power supply
voltage is equal to or higher than a switching threshold, and
adjusts the mask period to a second mask period, which is
longer than the first mask period, in a case where the power
supply voltage is lower than the switching threshold.

13. The semiconductor integrated circuit according to
claim 11, wherein the output controlling circuit;

forcedly turns off the switch element in a case where the
detected voltage is equal to or higher than the reference
voltage in a period except for the mask period.
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14. The semiconductor integrated circuit according to
claim 11, wherein the output controlling circuit;
forcedly turns off the switch element in a case where the
detected voltage is equal to or higher than the reference
5 voltage in a period except for the first mask period in the
case where the power supply voltage is equal to or higher
than the switching threshold, and
forcedly turns off the switch element in a case where the
detected voltage is equal to or higher than the reference
voltage in a period except for the second mask period in
the case where the power supply voltage is lower than
the switching threshold.
15. The semiconductor integrated circuit according to
5 claim 11, wherein the mask period starts when the switch
element is turned on.

16. The semiconductor integrated circuit according to
claim 15, wherein the mask period is shorter than a period in
which the switch element is continuously in an on state.

17. The semiconductor integrated circuit according to
claim 11, further comprising:

a first converting circuit that detects a potential difference
between a first end and a second end of a current path of
the switch element, converts the potential difference into
a detected current, and outputs the detected current; and

a second converting circuit that converts the detected cur-
rent into the detected voltage and outputs the detected
voltage.

18. The semiconductor integrated circuit according to

claim 11, further comprising:

an input terminal to which a first end of a current path ofthe
switch element is connected and the power supply volt-
age is supplied;

a control terminal to which a second end of the current path
of the switch element is connected;

a feedback terminal to which the feedback signal is sup-
plied;

a coil connected between the output terminal and the con-
trol terminal;

a capacitor connected between the output terminal and a
ground;

a diode connected to the control terminal at a cathode
thereof and to the ground thereof at an anode thereof;
and

a voltage dividing circuit that is connected between the
output terminal and the ground and outputs a voltage
obtained by dividing the output terminal as the feedback
signal,

wherein the output voltage obtained by stepping down the
power supply voltage is output at the output terminal.

19. The semiconductor integrated circuit according to
claim 11, further comprising:

a coil that receives the power supply terminal at a first end

thereof;

a diode connected to a second end of the coil at an anode
thereof and to the output terminal at a cathode thereof;

a capacitor connected between the output terminal and a
ground;

an input terminal to which the second end of the coil is
connected, the switch element being connected between
the input terminal and the ground;

a feedback terminal to which the feedback signal is sup-
plied; and

a voltage dividing circuit that is connected between the
output terminal and the ground and outputs a voltage
obtained by dividing the output terminal as the feedback

signal,
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wherein the output voltage obtained by boosting the power

supply voltage is output at the output terminal.

20. The semiconductor integrated circuit according to
claim 11, wherein the operation circuit is a NOR circuit that
receives the overcurrent detection result signal and the over- 5
current detection mask signal and outputs the overcurrent
controlling signal.
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